Sept. 5, 1939. " O. EPPENSTEIN - 2,172,098

SINGLE STATION RANGE FINDER WITH VARIABLE BASE

Filed March 8, 1938

"i’/// i if

R

|i| ez
Nl t

1 e

PR3 .

. P2
Vi

 Inventor:



Patented Sept. 5, 1939

UNITED STATES

2.172,098

PATENT OFFICE

2,172,098

SINGLE STATION RANGE FINDER WITH
VARIABLE BASE

Otto Eppenstein Jena, Germany, assignor to the
firm of Carl Zeiss, Jena, Germany

Appllcatlnn March 8, 1938, Serial No. 194,642
In Germany March 23, 1937

4 Claims.

An application has been filed in Germany,
March 23, 1937.

Measurements effected by means of single sta-
tion rangefinders with variable base are subject

8 to the well-known equstion resulting from the so-.

called measuring triangle:

¢))

10 wherein eis the range to be measured, & the base,
and & the parallactic angle at the target. The
device which is used in said rangefinders for
changing the base b is generally provided with
means indicating direct the ranges e correspond-

15; ing to different bases b. The actual distance of

an object coincides with the indicated one, how- -
-ever, only when deviations &' falsifying the paral-

lactic angle 3 do not arise in the rangefinder it-
. self, or when these errors 3, which are hereinafter,
zoa termed adjustment errors, have been compen-
sated in any suitable manner. In rangefinders
producing a variable parallactic angle at the tar-
get, these adjustment errors are eliminated, as
is well known, by means of a double measurement
25> effected through the agency of two different bases
of deflnite lengths.

The invention makes use of a method of com-
pensating the adjustment errors in single station
rangefinders with variable base, this method con-

;sisting in the range measurement being effected
with a definite parallactic angle at the target and
repeated with another parallactic angle, the ac-
tual range being proportional to the difference
in the base lengths in the two measurements. Ac-

-cordingly, two measurements are’ effected sub-
sequently to each other, the first with a definite
parallactic angle & depending on the construc-
tion of the apparatus, and the second with a
definite para'lactic angle k.5, in which % can
-have, on principle, any magnitude differing from
41,

The invention is based on the following con-
sideration: If » be the telescopic magnification
of a rangefinder having a variable base b, the

‘parallax A seen in the field of view of this range-
finder is in the case of g target at. a distance e

o A=V[—§—j(6+ a')}

‘In rangéﬁnding, the base b is known to be varied
until the parallax A has assumed the magnitude
0. Accordingly,

() %—_(5+a')'=6

55 apart from the practically unavailable case in

v

(CL. 88-—2.7)
which the base b as well as the parallactic angle

3 and the adjustment error 8 assume the mag--

' nitudes 0 at one and the same time, the Equation -

3 is arrived at when

0) L

This equation corresponds to the Equation 1 when -

an adjustment error has been taken into con-
sideration. Evaluating the measurement by
means of Equation 4 will yield an incorrect range
when the division pointed at by the indicating de-
vice represents, as usual, ranges based on Equa-
tion 1.

Substitutmg an angle k.5 for the parallactic
angle & entails a compensation of the parallax
‘A as soon. as the base b is changed to b°, which
depends on the equation

() B

The elimination of the angle 3 in the Equa-

tions 4 and 5 provides for the range e an Equa-

tion 6, which is without the adjustment error &':
b—b°

(© e=5a—5)

When accordingly, a target at a range e is
measured once with the parallactic angle 5 and
once with the parallactic angle k.5, the actual
range e Is proportional to the difference of the
two determined bases b and b° and not influenced
by any adjustment error &, which can be assumed
to-be the same in both the said measurements.

Effecting this double measurement depends on
the possibility of varying the definite parallactic
angle § to k3. This change can be effected, for
instance, by means of an additional refracting
prism producing in one of the ray paths a devia-
tion § (1—k) or by substituting a prism of the
deviation k.5 for the prism of the deviation a.
Especially simple proceedings are arrived at by

_using the factor k=—1 or k=0. In the case of
the factor k=—1, which can be realized by ro-
tating in one of the ray paths a prism of the
deflection & about the optical axis through 180°,
the numerical values of the parallactic angles at
the target are the same in both measurements.
‘In the case of the factor k=0, the parallactic

=k.5+8

angle is zero in the second measurement, this -

angle being realized by removingy a prism of the

deflection 5 from: one of the ray paths or causing

- this prism to influence in the second mea.surement
both ray paths. .

For carrying the first said method into prac-
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tice, a single station rangefinder with a variable
base and a definite parallactic angle at the tar-
get is suitably provided with an optical deviating

_system which can be made to assume two such

positions In one of the imaging ray paths as to

~ produce two inversely equal deviations of the
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imaging ray pencils in the measuring plane, It
is advisable in the case of the said other method
to provide that the optical deviating system
which is so disposed in one of the two imaging
ray paths as to deflect the imaging ray pencil
in the measuring plane has dimensions permit-
ting it to influence at the same time both the
said pencils when the base of the rangefinder
assumes approximately the magnitude zero.
This can be arrived at in a simple manner in a
rangefinder having a monocular telescope and
whose ray entrance apertures correspond to the
upper and the lower half of the telescope objec-
tive, when each of the two systems deviating at
90° (for instance pentagon prisms), which are,

as a rule, always in the ends of the base, is only -

hslf as high as the telescope objective, and when
both systems are placed in the second measure-
ment above each other on the eye-piece side of
the system of the deviation & lying in one of the
ray paths and being, in its turn, so dimensioned

as to correspond to the entire height of the tele- -

scope objective, An instrument thus constructed
acts in the second measurement as a rangefinder
which has a variable base and whose definite
parallactic angle at the target corresponds to the
adjustment error 8’. As this error is always com-
paratively insignificant, the second measurement
requires such a change the base b from b=0
as is so slight that the rays entering the deviating
systems in the base ends are deviated substan-
tially at an anglée & when- traversing the un-
changed system. '

1In a telescope in which the imaging rays can
enter only through the one half of the objec-
tive, the produced image is known: to cover never-
theless the eritire image fleld. In a rangefinder
of the construction described last, the two imag-~

ing ray pencils would, accordingly, produce over-
lapping images which, per se, would allow the.

measurement of ranges by variation of the base
b until these overlapping images cover each other
completely. Exact adjustments being, however,
very difficilt in this case, it is preferable not to
use overlapping images. Moreover, each of the
two imaging ray paths requires an exit pupil of

_ its own, which may give rise to measuring errors.
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The telescopic system of the rangefinder is suit-
ably provided with a bi-prism the ridge of which
is parallel to the measuring plane and lies in

the image plane of the telescope, and whose base °

surface is parallel to the imaging plane and which
has such angles of refraction that the exit pupils
of the upper and the lower half of the objective
overlap each other in part, the plane of these

phragm aperture corresponds to those parts of
the exit pupils which these pupils have in com-
mon, and the remaining part of said pupils be-
ing rendered ineffective by the diaphragm. It
is thus attained that there are visible in the
field of view of the telescope two partial images
of the target, which are separated by a sharp line,

viz. the ridge of the bi-prism, and whose coinci-

dence is effected in the measurement.
In the accompanying drawing, which illus-
trates two constructional examples of the inven-

~ tion, Figure 1 shows the one example in plan

view, PFigure 2 is a section through line A—A

. pentagon prism 10.

2,172,008

in Figure 1, and Figure 3 represents the other
example in' a view offered to the eye when look-
ing at the apparatus from the target. Both ex-
amples concern monocular rangefinders with
variable base. . )

The rangefinder according to the first exam-
ple (Figures 1 and 2) has a monocular telescope
i, whose optical parts are an objective 2, a col-
lective lens 3 and an eye-lens 4. In the eye-piece
3, 4 of the telescope I, a diaphragm 5 is disposed
in such 8 manner that the diaphragm aperture &
lies approximately in the plane of the exit pupil.
A prism housing 7 and a guiding rule 8 are rigidly
connected to the telescope 1. The housing 7
contains a triangle prism 9 which is so disposed
in the ray path and of such height as to cover
the objective 2 entirely, and a pentagon prism
10, which is only half as high as the prism 9
and coordinated to the upper half of the ob-

- jective 2. A cuneiform prism 12 in a mount I

on the prism housing 1 is disposed near the ob-
ject side of the pentagon prism 10 in such
a. manner that its edge of refraction intersects
the principal plane of the prism 10 at right an-
gles. The height of the cuneiform prism 12 cor-
responds to the vertical diameter of the objective
2. The guiding rule 8, which is disposed on the
lower part of the prism housing 1 and projects
to the right of the observer at the telescope I,
is parallel to the measuring plane determined by
the principal planes of the prisms 9 and 10 and
provided with a scale 13 representing ranges. A
slide 14 displaceable on the rule 8 is provided
with a window £6 having an index {7 and car-
ries a pentagon prism 15 corresponding to the
In the telescope I, a bi-
prism 18 is so disposed that its ridge 19 lies in,
and its base surface is parallel to, the image plane
of the telescope {.

the measuring plane.

The zero line of the scale 13 coincides with-

the index {7 when the slide 14 assumes that po-
sition on the rule 8 in which the contours of the
pentagon prisms (0 and 16 cover each other.

- The space between the division lines of the scale
‘I3 are determined according to the Equation 6,

the magnitude % being assumed to be zero. As
each of the prisms (0 and 9 deviates the enter-
ing imaging pencils at 90°, the deviation of the
rays by the cuneiform prism {2 corresponds to
the predetermined parallactic angle at the target.

To the upper and the lower hslf of the objec-

tive, to which the imaging rays are directed by
the prisms 10 and {5, respectively, are coordi-
nated two exit pupils that are so displaced rela-
tively to each other by the deviation to which
the imaging rays are exposed by the biprism 18
that they overlap each other in part. The dia-
phragm 5 keeps the non-overlapping parts of

f these exit pupils out of the sight of the observer
A at the eye-piece, and there appears in the field
exit pupils containing a diaphragm whose dia-..

of view a sharp horizontal line, viz, the ridge 19
of the prism 18, which separates the images pro-
duced by the two halves of the objective.
When in use, the apparatus is so directed to
the target whose distance is to be measured that
the observer looking into the eye-lens 4 sees two

images of the target lying above each other. By

displacing the slide (4 on the rule 8 to the right,

_ these images are made to coincide, and the range

magnitude corresponding to this coincidence and
indicated by the index {7 is read on the scale 13.
The slide 14 is then displaced to the left umtil

the prism 15 lies below the prism 10 and in the

rear of the prism’ 12, whereupon the prism 12 de-

The ridge 19 is parallel to
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viates the imaging ray pencils entering the
prisms 10 and 15. The images produced in the
telescope | would coincide when the index 7 is
in coincidence with the zero line of the scale 13
if the apparatus were devoid of adjustment er-
rors. Exact coincidence is obtained, however, by
another displacement of the slide 14, this other
displacement being comparatively insignificant
in most cases. Also the range magnitudes cor-
responding to this other measurement is to be
read on the scale 13. The actual range of the.
target corresponds to the difference of the said
two magnitudes indicated on the scale 13. If,
for instance, the first reading is 169 metres and
the second —3 metres, the real range, i. e., the
magnitude of the range without adjustment er-
rors, is 172 metres.

The second constructional example (Figure 3)
differs from the first example in that its prisms
9 and 10 are disposed in separate housings 20
and 21, respectively. The housing 21 is a slide
displaceable on another rule 22 fast with the
housing 20, The cuneiform prism 12 is in a ro-
tatable mount 23 whose rotation is restricted to
180° by a pin 24 fast with this mount and two
stops 25 fast with the housing 2§ In the two
extreme positions of the mount 23, the refrac-
tion edge of the prism 12 is at right angles to
the measuring plane. The rule 8 has a scale 26
on which an index 27 on the slide |4 indicates
ranges. 'The rule 22 has a scale 28 indicating
ranges which corresponds to the scale 26, the
zero lines of these two scales being in coinci-
dence. To the scale 28 belongs an index 29
on the prism housing 2i. The two constructional
examples are the same in all other respects.

The range of a target is determined without
any adjustment errors by means of two measure-
ments also with the apparatus according to the
second example. When the pin 24 touches one
of the stops 25 and the index 29 is adjusted to
the zero line of the scale 28, the slide 14 is dis-
placed until the two target images are seen in
coincidence in the eye-piece. Subsequently to

5 the magnitude corresponding to this coincidence

position having been read on the scale 26, the
slide 14 is to be displaced to the left until the
index 21.coincides with the zero line of the
scale 26. The prism housing 21 is then .dis-
placed to the right, and the mount 23 containing
the cuneiform prism {2 is rotated until the pin
24 touches the other stop 25. By further dis-
placement of the prism housing 21 on the rule 22,
the two target images visible in the field of view

5 of the telescope | are made to coinicide again,

and the corresponding magnitude, intlicated by
the index 29, is read on the scale 28. The exact
range, i. e., the range without errors, is obtained

according to Equation 6, which reads in this case

as follows: .
_bi—(=b)_ bi+b
(7) e=""%2 3.2
b1 and b2 being the two base lengths determined.
As the change in the positions of the prisms 10
and 15 in the two measurements entails reverse
directions of the determined base lengths, the
second base length is to be- substituted nega-
tively for k=—1, the difference of the bases be-
ing, accordingly, the sum of the absolute lengths.
The lines of the scales 26 and 28 are naturally
so spaced as a rule that the determination of the
range can be effected simply by adding the two
read magnitudes. '
I claim:

1. A rangefinder comprising a housing, a

tele-

3

scope system containing an objective and an eye-
piece being disposed in said housing, a reflecting
system for deflecting the rays of two imaging
ray pencils at 90° into said telescope system, said

" reflecting system consisting of two reflecting

members displaceable relatively to each other,
each of the ray entrance aperfures of said mem-
bers corresponding to one half of the ray en-
trance aperture of said telescope system, at least
one slide, said slide being displaceable relatively
1o said housing, one of said reflecting members
being mounted on said slide, means indicative of
the distance apart of said members, and a cunei-
form deviating prism for deviating the imaging
rays at a. definite angle, said deviating prism be-
ing in front of the ray entrance aperture of one
of said reflecting members, and the ray entrance
aperture of said deviating prism corresponding
to the entire ray entrance aperture of said tele-
scope system.

2. In a rangefinder according to claim 1, one
of said reflecting members being rigidly connect-
ed to said housing, said cuneiform deviating
prism being connected to last said reflecting
member, a rule fixed to said housing, said slide
being displaceably mounted on said rule, and sald
means indicative of the distances apart of said
refiecting members being a scale on said rule and
an index on said slide.

3. In a rangefinder according to claim 1, & re-
flecting system for deviating the imaging ray
pencil of said telescope system at right angles, a
bi-prism for doubling the exit pupil of said tele-
scope system, the last said reflecting system and
said bi-prism being disposed in said housing, the
ridge of said bi-prism being parallel to the direc-
tion of relative displacement of said reflecting
members and lying in the image plane of said
telescope system, and a diaphragm, the aperture
of said diaphragm being approximately in the
plane of the exit pupil of said telescope system
and corresponding to that portion of this plane
in which parts of the doubled exit pupil overlap
each other. ' :

4. A rangefinder comprising a housing, & tele-
scope system containing an objective and an eye-
piece being disposed in said housing, a reflecting
system for deflecting the rays of two imaging ray

‘pencils at 90° into said telescope system, said re-

flecting system consisting of two reflecting mem-

- bers displaceable relatively to each other, each

of the ray entrance apertures of said members
corresponding to one half of the ray entrance
aperture of said telescope system, two slides, two
rules parallel to each other and disposed on said
housing, one of said slides being displaceably
mounted on the one of said rules, said other slide

.being displaceably mounted on the other of said

rules, each of said reflecting member being fixed
to one of said slides, means indicative of the
distance apart of said reflecting members consist-
ing of a scale representing ranges disposed on
each of said rules and an index disposed on each
of said slides, a cuneiform deviating prism for
deviating the imaging rays at a definite angle,
said cuneiform prism being Totatably mounted
in front of the ray entrance aperture of one of
said reflecting members on one of said slides,
the ray entrance aperture of said cuneiform de-
viating prism corresponding to the eéntire ray

" entrance aperture of said telescope system, and

means for restricting the rotgtion of said cunei-

form prism: to 180°.
OTTO EPPENSTEIN.
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